Covalent binding of glutathione to hemoglobin. II. Functional consequences and structural changes reflected in NMR spectra.
Binding of glutathione by disulfide linkage to Cys-beta 93 of hemoglobin tetramers within sickle cells increases the oxygen affinity and significantly inhibits sickling at low partial oxygen pressure (Garel, M-C., Domenget, C., Caburi-Martin, J., Prehu, C., Galacteros, F., and Beuzard, Y. (1986) J. Biol. Chem. 261, 14704-14709). This article reports a characterization of the oxygen-binding properties of glutathionyl hemoglobin (G-Hb) in solution in the presence or absence of allosteric effectors. The studies reveal a nearly 6-fold increase in oxygen affinity compared to native HbA and a Hill coefficient at half-saturation (n50) of 1.50 compared to n50 of approximately 2.9 for HbA. The oxygen Bohr effect measured in the alkaline pH range is reduced by 38%. Addition of 2,3-diphosphoglycerate decreases the oxygen affinity of G-Hb and HbA to a similar extent and increases the Bohr effect, indicating that the binding sites for organic phosphates are not perturbed in G-Hb. The rate of autooxidation of G-HbO2 is slower than of HbAO2. Oxidation by ferricyanide of G-HbCO is also reduced and is biphasic, demonstrating a heterogeneous susceptibility of the hemes in G-Hb. Flash photolysis experiments indicate that the tetramer-dimer dissociation constant is 1 order of magnitude greater for G-HbCO than for HbACO. High resolution NMR spectra at 400 MHz show that in G-Hb: the tertiary structure of the beta heme pocket is significantly perturbed, particularly in the F helix and the EF corner; the formation of the salt bridge between His-beta 146 and Asp-beta 94, a feature of the deoxy state, is precluded; and a deoxy interchain (alpha 1 beta 2) contact between Asp beta 2 99 and Tyr alpha 1 42 is appreciably destabilized. The NMR data provide a structural basis for interpreting the high oxygen affinity, reduced cooperativity, and diminished polymerization of G-HbS.